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Abstract. The purpose of the study is to determine, by infrared thermometry, the cutaneous 
temperature in Holstein dairy cows and to obtain “the thermal maps” in cows. The meteorological data 
were provided by a Meteorological Station (Adcon Telemetry) and the temperature and humidity in the 
stable were determined using a psichrometer. The maximum –Temperature - Humidity Index on the 
pasture exceeded 72 (varying between 77 - 80) and in the stable varied from 68 to 70. The cutaneous 
temperatures were measured using an infrared thermometer (Oatkon).The cutaneous temperature 
determinations were made in Holstein dairy cows kept on pasture, compared to a group maintained in the 
stable, consisting of 30 cows per each group. The experiment on pasture was carried out in two stages. In 
the first stage the cows were exposed to direct solar radiation, and the cutaneous temperatures were 
measured after 30 minutes. In the second stage, the same cows were kept in shade provided by trees on the 
pasture and after a period of 30 minutes the cutaneous temperatures were determined. The differences of 
the cutaneous temperatures were significant depending on the colour of the skin of the cows exposed to 
solar radiation. On the non-pigmented body areas, the most reduced values were recorded at the 
extremities (32.22 ± 0.611 °C on the mouth) and the highest values were determined on the croup area 
(35.75 ± 0.707 °C). On the black body zones the temperature varied between 36.13 ± 0.838 ºC at the 
mammilla and 41.26 ± 0.529 °C at the shoulder area. After performing this study we may conclude that 
the determination of the cutaneous temperatures may be an important parameter to indicate the heat stress 
in dairy cows exposed to solar radiation. 
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INTRODUCTION 
 
The solar radiations effect on the cow’s organism depends on the incident radiation level 
and its reception by the cow’s organism. The level of the solar radiation reception depends on the 
absobtivity, conductivity and reflexivity of the cutaneous surface (McFarlane, 1968), which also 
depend on the cutaneous layer’s length, density, colour and cleanliness. 
The way solar radiation acts on the cutaneous layer is mainly influenced by the nature of 
this layer. The absorbtivity and conductivity of the cutaneous layer are influenced by its colour. 
Dark skin and hair absorb more heat reflecting less of the solar radiation, compared to lighter 
colours. An important role in the radiation reception is represented by the proportions of the spots 
in the spotted breeds, like Holstein. (Drăghici et al., 1985). 
Regarding the level of the incident radiation, it was demonstrated that solar radiation of 
500 kcal/m2/hour, at an environmental temperature of 21oC causes a heat stress equivalent with 
that determined by the increase of the temperature with 5.6 °C (Drăghici, 1982). Under these 
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circumstances the direct thermolysis mechanisms are blocked (radiation, conduction and 
convection) and the thermolysis is made only in indirect evaporative way (Amakiri and Onwuka, 
1980). In these situations the metabolic rate of dairy cows decrease with about 20 - 33% and 
physiological changes occur like tachypneea, tachycardia, bucal respiration and hyperthermia 
(Collier et al., 1982; Goodwin et al. 1999;). These modifications deteriorate the animals’ health 
status, followed by the decreasing of the milk production (Alnaimy et al., 1992). It was 
demonstrated that direct solar radiation on the pasture is 2.5 times more intense than the indirect 
solar radiation in shade (Coleman, 1996). 
The solar radiation intensity is correlated with the environmental temperatures. 
Considering these, there were established the themoneutrality zones for cattles (Jones and 
Stallings, 1999), but more accurate is to calculate the temperature-humidity index, considering 
both the temperature and the humidity (Ingraham et al., 1979; Drăghici et al., 1985; West, 2000).  
During the last few years, infrared thermometry becomes a method used worldwide to 
measure temperature very efficiently (Di Constanzo et al., 1997; Seguin et. al., 1999; Shibasaki 
et al., 1998). Infrared thermometry was also applied in cow’s cutaneous temperature 
determination (Hansen 1990; Pusta, 2003).  
 
 
MATERIALS AND METHODS 
 
The purpose of the study was to determine the cutaneous temperature of the cows and to 
realise the “thermal maps” for different body regions of the cows exposed to solar radiation, 
compared to cows maintained in the stable or in shadow, on the pasture. 
The cutaneous temperature determinations were made in Holstein dairy cows kept on 
pasture, compared to a group maintained in the stable, consisting of 30 cows per each group. The 
first group of cows was kept on the pasture during the day and the second one was permanently 
kept in the stable. The experiment on pasture was carried out in two stages. In the first stage, the 
cows were exposed to direct solar radiation and after 30 minutes the cutaneous temperatures were 
measured by infrared thermometry, on different body regions. In the second stage, the same cows 
were kept in shadow, provided by trees on the pasture and after a period of 30 minutes the 
cutaneous temperatures were determined in the same way and on the same body areas. Cutaneous 
temperatures of the same body areas were also determined for the group of cows kept in the stable. 
 
The determinations were made during the summer of 2010, at midday. The 
meteorological data were supplied by our university Meteorological Station (Adcon Telemetry) 
which registered the main meteorological data (temperature, humidity, solar radiation) from 15 to 
15 minutes, 24 hours a day. In the stable the temperature and humidity were determined using a 
psychometer and the THI was calculated. The maximum THI varied between 68 and 70 during 
the period of the experiment. On the pasture the temperatures were varying between 35 ºC and 36 
ºC. In complete sunshine the caloric radiation was varying between 512 and 560 kcal/m2/hour. 
The maximum THI exceeds 72 (being between 77 and 80) which represents the superior thermal 
limit for dairy cattle (Gebremedhin, 2005; West, 2000).  
The cutaneous temperatures were measured using an infrared thermometer (Oakton, 
Japan). The determinations were made from an average distance of 30-40 centimetres that means 
the thermometer measured the average temperature of an area of 2.5-3.5 cm2.  
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RESULTS AND DISCUSSIONS 
 
The mean values and the standard deviations of the cutaneous temperatures determined 
on different body regions in Holstein dairy cows, belonging to the experimental groups I and II 
are presented in Tab 1.  
 
Tab. 1 
Average values of the cutaneous temperature (X ± sX) determined by infrared thermometry 
 
Body region Group II 
(in stable) 
Group I (on pasture) 
Sun Shadow 
White Black White Black 
Mouth 29,28 ± 
0,527 
32,22± 
0,611 
36,21± 
0,164 
30,23± 
1,698 
31,21± 
0,536 
Head 29,42 ± 
1,107 
34,02± 
0,563 
39,16± 
1,083 
30,83± 
0,668 
32,12± 
0,244 
Horn 27,92 ± 
0,204 
35,12± 
0,147 
37,64± 
0,321 
32,03± 
0,186 
32,30± 
0,316 
Ear 30,73 ± 
0,163 
34,37± 
0,420 
36,50± 
0,369 
31,84± 
0,558 
32,47± 
0,367 
Neck 32,87 ± 
0,628 
34,37± 
0,382 
38,74± 
0,535 
31,91± 
0,485 
31,60± 
0,342 
Shoulder 32,23 ± 
0,742 
34,67± 
0,554 
41,26± 
0,529 
30,69± 
0,858 
31,44± 
0,370 
Trunk 32,47 ± 
0,786 
34,94± 
0,347 
40,36± 
1,167 
31,41± 
0,559 
31,49± 
0,376 
Croup 32,37 ± 
0,871 
35,75± 
0,707 
41,03± 
0,732 
31,67± 
0,665 
33,62± 
0,761 
Limbs 29,17 ± 
0,427 
33,26± 
0,869 
38,10± 
0,249 
29,89± 
1,566 
31,79± 
0,202 
Tail 27,27 ± 
1,231 
33,81± 
0,268 
37,51± 
0,296 
31,86± 
0,250 
33,27± 
0,729 
Mammilla 28,35 ± 
0,470 
34,60± 
0,563 
36,13± 
0,838 
32,08± 
0,286 
32,83± 
0,286 
Nails 25,48 ± 
0,739 
34,51± 
0,418 
37,95± 
0,509 
27,40± 
2,630 
29,65± 
2,899 
 
The obtained data showed that there are no significant differences in the cutaneous 
temperatures of the cows kept in the barn or shaded on pasture (p > 0.05), using the t test. The 
significant differences were recorded in the cows exposed to solar radiation. These differences 
allowed us to obtain the thermal maps of the cows in three different situations: in the stable or in 
shadow (Figure 1 a), and in the case of sun exposure for the temperature of the non-pigmented 
hair coat/skin (Figure 1 b) and of the pigmented (black) hair coat/skin (Figure 1 c). 
Analysing the data presented in the table 1 it is to be noticed that the highest values of 
the cutaneous temperature in the cows exposed to solar radiation were on the black areas of their 
bodies, varying between 36.13 ± 0.838 ºC at the extremities and 41.26 ± 0.529 °C at the croup 
area (thermal nucleus). The variation limits of the cutaneous temperature in the white body areas 
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in the cows exposed to sunshine were between 32.22 ± 0.611 ºC on the extremities and 35.75 ± 
0.707 ºC on the cows’ croups. 
In the case of the cows kept in the barn and on shaded pasture no significant differences 
were recorded, and there were no significant differences regarding the pigmentation in the above 
mentioned situations (Table 1). 
The obtained mean values of the cutaneous temperatures allowed us to draw the 
“thermal map” for each body region of the cows, in each experimental situation: for the cows 
kept in the barn or on shaded pasture (Figure 1a), for the areas of non-pigmented skin exposed to 
solar radiation (figure 1b) and for the pigmented skin (black) exposed to solar radiation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
 
In conclusion the determination of the cutaneous temperatures by infrared thermometry 
is easy to perform. After completing this study we may conclude that the determination of the 
cutaneous temperatures may be an important parameter to indicate the heat stress in dairy cows, 
a 
b 
c 
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because in hot environments due to the increased solar radiation, high temperatures and increased 
humidity it may be produced the caloric shock. 
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